We report that the hydrogen de/resorption of the 2LiBH 4 +MgH 2 system was modified by introducing Ni nanoparticles. Dehydrogenation analysis revealed that the first-step dehydrogenation, i.e., the decomposition of MgH 2 , can be significantly promoted by adding a small amount of Ni because of the catalytic effect. However, the improvement of the second-step dehydrogenation, corresponding to the decomposition of LiBH 4 , needs the addition of a large amount of Ni, resulting in the formation of a Mg-Ni-B ternary alloy. Furthermore, the presence of the Mg-Ni-B ternary alloy allowed an increased reversible H-capacity, in which about 5.3 wt% of hydrogen can be rehydrogenated under 400°C and 55 bar hydrogen pressure over 10 h, which is higher than that of the pristine 2LiBH 4 +MgH 2 system (4.4 wt%).
Improved reversible dehydrogenation of 2LiBH 4 +MgH 2 system by introducing Ni nanoparticles
I. INTRODUCTION
Along with the increasing demands for cleaner and more environmentally friendly energy, the use of hydrogen as an energy carrier has attracted significant interest because no pollutants are produced when it is burned or used in fuel cells. 1 However, the challenges to the efficient and safe storage of hydrogen have to be overcome before the widespread use of hydrogen as an energy carrier is possible. Storing hydrogen in metal hydrides is very attractive, as they can offer higher volumetric hydrogen densities than compressed hydrogen gas or liquid hydrogen, without using very high pressure containment vessels or cryogenic tanks. 2 A system target of 5.5 wt% hydrogen for automobile fuelling has been set by the U.S. Department of Energy for 2015. 3 Because the transition metallic hydrides cannot store adequate amounts of hydrogen, interest has focused more recently on lightweight element complex hydrides such as alanates (AlH 4 À ), [4] [5] [6] amides (NH 2 À ), 7, 8 and borohydrides (BH 4 À ). 9, 10 LiBH 4 has a high theoretical hydrogen capacity of 18.5 wt%. It was first reported in 1940 by Schlesinger and Brown, and used to be considered as a powerful reducing agent in organic chemistry. 11 Since the important study of LiBH 4 as a hydrogen storage material by Züttel et al. in 2002, 9 various investigations, in such areas as structural analysis, study of dehydrogenation/rehydrogenation behaviours, etc., have been undertaken to provide more insights. [11] [12] [13] The complete dehydrogenation reaction can be simplified as follows without mention of the possible formation of the intermediate Li 2 B 12 H 12 species [14] [15] [16] :
Reaction 1 proceeds around 380-600°C and liberates 13.8 wt% of hydrogen. The second step liberates another 4.7 wt% at above 700°C. This temperature is high, and hence the desorption of LiH is not considered as useful capacity for onboard hydrogen storage.
It is obvious that LiBH 4 is thermodynamically too stable for the hydrogenation/dehydrogenation cycles to proceed at practical pressures and temperatures. Pure LiBH 4 requires a temperature of over 400°C for rapid hydrogen release and rigorous conditions of 600°C and 35 MPa hydrogen pressure for full restoration of the hydride. 10 Various attempts have been undertaken to overcome the kinetic and thermodynamic limitations, and some improvements have been achieved that enhance the dehydrogenation and rehydrogenation properties of LiBH 4 , such as reducing the particle size, doping with catalysts such as carbon, metals, oxides, and halides, and reacting with metal hydrides or hydride mixtures. [17] [18] [19] [20] [21] [22] [23] Among these attempts, one of the most promising has been proposed by Vajo et al., 24 that LiBH 4 can be effectively destabilized by MgH 2 , reducing the dehydrogenation temperature of LiBH 4 to near 350°C and allowing complete decomposition below 500°C. The reaction of LiBH 4 with MgH 2 is proposed as follows:
The reaction enthalpy is 46 kJ/mol H 2 , which is much lower than for the decomposition of pure LiBH 4 (74 kJ/mol H 2 ), 13 because of the formation of MgB 2 during dehydrogenation. Also, the reaction is reversible under more moderate conditions, where 8-10 wt% of hydrogen can be reversibly stored from an initial hydrogen pressure of 100 bar, from a temperature as low as 230-250°C over 10 h in the presence of 2-3 mol% TiCl 3 . However, the dehydrogenation kinetics is still poor and a temperature as high as 400°C is required for a reasonable dehydrogenation rate. More importantly, further research reveals that the dehydriding reaction proceeds by a different mechanism, i.e., MgH 2 and LiBH 4 decompose individually. [25] [26] [27] The reaction is expressed as follows:
At relatively high temperature (.420°C), Mg will react with LiH to form Li-Mg alloy, but still there is no formation of MgB 2 . 25 The reaction is harder to reverse compared with Eq. (3) because the B-B bond is likely to be more stable than the B-Mg bond. 10 It is suggested that low temperature and high hydrogen back pressure (T # 400°C and p(H 2 ) $ 3 bar) should be applied during the dehydrogenation, to avoid the formation of elemental B from the decomposition of LiBH 4 . 26, 27 Motivated by these considerations, we have focused on catalyst screening, which is expected to not only lower the dehydrogenation temperature of MgH 2 and LiBH 4 but also promote the formation of MgB 2 compound. It is well known that Ni and Ni-based compounds are good catalysts for lowering the dehydrogenation temperature and enhancing the sorption kinetics of MgH 2 . [28] [29] [30] Meanwhile, it has also been well established that the Ni promotes the activation of B-H bonds, and a B-Ni compound, Ni 2 4 , because of the formation upon dehydrogenation of a ternary alloy of Al-Mg-B, which was even formed under vacuum below 400°C. 34, 35 Therefore, in the present study, nanosized Ni is introduced to the LiBH 4 -MgH 2 system by mechanical alloying to improve its hydrogen storage properties through a combination of the catalytic effect and a possible reaction to form the ternary alloy Ni-Mg-B.
II. EXPERIMENTAL
The chemicals MgH 2 (98% purity), LiBH 4 (90% purity), and Ni (99.9% purity, ,100-nm particle size) were all purchased from Sigma-Aldrich (Sigma-Aldrich Corporation, St. Louis, MO) and used directly without pretreatment. All sample storage and handling were performed in an Ar filled glove box (MBraun Unilab). Two mixtures of 2LiBH 4 -MgH 2 -0.5Ni and 2LiBH 4 -MgH 2 -0.05Ni were ball milled for 2 h at a rate of 400 rpm in a QM-2SP planetary ball mill (MBraun Group, Garching, Germany). The ball-to-powder ratio was around 30:1. A 2LiBH 4 -MgH 2 mixture was also prepared under the same conditions for comparison (Nanjing University Instrument Plant, Nanjing, China).
The hydrogen desorption/absorption properties were measured in a Sieverts apparatus (Advanced Materials Corporation), where the temperatures and pressures of the sample and the gas reservoirs were monitored and recorded by GrcLV-LabVIEW-based control program software (Advanced Materials Corporation, Pittsburgh, PA) during the sorption process. Temperature programmed dehydrogenation (TPD) curves were determined by volumetric methods (National Instruments Corporation, Austin, TX) starting from vacuum. The temperature was increased from ambient to ;500°C at 5°C /min. The hydrogen desorption kinetic measurements were performed at 350 and 400°C, starting from vacuum. Before the measurement, the sample chamber was filled with hydrogen at 5-MPa pressure and the temperature was then raised to and kept at the desired temperature. Then, the chamber was quickly evacuated before the onset of measurements. The hydrogen absorption measurements were performed at 400°C and ;5.5 MPa before the sample was dehydrogenated at 500°C under dynamic vacuum. Other than specified, the H-capacity was calculated using the weight of the samples containing additives to allow for an evaluation of the practical hydrogen storage property.
Differential scanning calorimetry (DSC) analysis of the dehydrogenation process was carried out on a Mettler Toledo TGA/DSC 1 (Mettler-Toledo International Incorporation, Zürich, Switzerland). About 6 mg of sample was loaded into an alumina crucible in the glove box. The crucible was then placed in a sealed glass bottle to prevent oxidation during transportation from the glove box to the DSC apparatus. An empty alumina crucible was used as the reference material. The samples were heated from room temperature to 500°C under 1 atm flowing argon atmosphere, and the heating rate was 10°C /min.
The structural information on various samples was derived from powder x-ray diffraction (XRD, GBC Scientific Equipment Ltd.; Cu KR radiation, GBC Scientific Equipment Ltd., Braeside, Australia) and Fourier transform infrared (FTIR) spectroscopy (Shimadzu Prestige 21, Shimadzu Corporation, Kyoto, Japan, using samples ground with KBr powder and pressed into a sample cup). To avoid oxidation during the XRD measurement, samples were mounted onto a glass slide 1 mm in thickness in the Ar-filled glovebox and sealed with an airtight hood composed of an amorphous tape, which has a broad peak around 2h of 20°. Figure 1 presents the TPD curves and the differentiated TPD (DTPD) curves for the dehydrogenation of the 2LiBH 4 -MgH 2 (2:1 mol ratio) and LiBH 4 -MgH 2 -Ni composites (2:1:0.5 and 2:1:0.05 mol ratio, respectively). It can be seen that all the samples showed a clear two-step dehydrogenation, which correspond to the decomposition of MgH 2 and LiBH 4. For the pure 2LiBH 4 -MgH 2 system, the first hydrogen desorption started at around 350°C. Further heating led to a second decomposition at 370°C and a total hydrogen release capacity of 11 wt% was obtained below 500°C. Meanwhile, two main peaks of hydrogen evolution located at 365 and 435°C can be observed in the DTPD results. After doping with a small amount of Ni, the 2LiBH 4 -MgH 2 -0.05 Ni sample started to release hydrogen at around 310°C and reached its first maximum release rate at 331°C, which is 34°C lower than that of the pure 2LiBH 4 -MgH 2 sample. However, the same peak temperature of 435°C for the second dehydrogenation is observed, indicating that the second dehydrogenation cannot be improved by doping with a small amount of Ni. Nevertheless, both the first and the second dehydrogenation steps of the MgH 2 -LiBH 4 system can be significantly improved by doping with an increased Ni content. As shown in Fig. 1 , two main dehydrogenation peaks, located at 313 and 410°C, are observed in the DTPD results for the 2LiBH 4 -MgH 2 -0.5Ni sample, which are 52 and 25°C lower than for the 2LiBH 4 -MgH 2 sample, indicating enhanced dehydrogenation performance. Although increased doping with Ni will lead to a reduction in the total hydrogen capacity, the 2LiBH 4 -MgH 2 -0.5Ni sample still has a theoretical hydrogen storage capacity of 8.08 wt%.
III. RESULTS AND DISCUSSION
The thermal decomposition behavior of 2LiBH 4 -MgH 2 -0.5Ni sample, 2LiBH 4 -MgH 2 -0.05Ni sample, and 2LiBH 4 -MgH 2 sample, was further investigated by DSC are presented in Fig. 2 . Four endothermic peaks were found on the DSC profile for the three samples. These features can be assigned to the phase transition of LiBH 4 , the melting of LiBH 4 , the decomposition of MgH 2 , and the hydrogen desorption of LiBH 4. 36,37 The plot for the three samples shows the same temperature of 124°C for the phase transition of LiBH 4 . However, the 2LiBH 4 -MgH 2 -0.5Ni sample has the lowest melting point at 278°C compared with the other samples, which is 15 and 13°C lower than that of 2LiBH 4 -MgH 2 -0.5Ni sample and 2LiBH 4 dehydrogenation of MgH 2 and LiBH 4 in the 2LiBH 4 -MgH 2 sample is 387 and 463°C, respectively. After adding a small amount of Ni, the peak temperature for the dehydrogenation of MgH 2 in the 2LiBH 4 -MgH 2 -0.05Ni sample is reduced to 362°C, but the peak temperature for the dehydrogenation of LiBH 4 is similar (466°C). However, the peak temperature for the dehydrogenation of MgH 2 and LiBH 4 can be reduced to 343 and 437°C, respectively, when adding a large amount of Ni (2LiBH 4 -MgH 2 -0.5Ni sample). These results agree well with the TPD results ( Fig. 1) and further confirm the effect of Ni on the LiBH 4 -MgH 2 system. However, the peak temperature for the decomposition in the DSC is slightly higher than that in the TPD (Fig. 1 ). These differences may result from the fact that the dehydrogenation measurement was run under different conditions in these two cases. The DSC measurement was conducted under 1 atm argon flow with a 10°C/min heating rate, whereas the TPD measurement was started from 0.1 atm vacuum with a 5°C/min heating rate. Obviously, the onset decomposition temperature will shift to a higher value when the heating rate increases from 5 to 10°C/min. On the other hand, the low pressure environment is favorable for the hydrogen release reaction, resulting in the reduced decomposition temperature.
The fact that the first-step dehydrogenation (MgH 2 ) can be enhanced by doping with a small amount of Ni, whereas the second-step dehydrogenation (LiBH 4 ) is only enhanced by doping with a large amount of Ni, indicates the different mechanisms involved. For understanding well the role of Ni and the possible chemical reactions occurring in the dehydrogenation process of the LiBH 4 -MgH 2 system, XRD was carried out on the 2LiBH 4 -MgH 2 -0.5Ni sample and on the reaction products. Figure 3(a) shows the XRD patterns of the as-prepared 2LiBH 4 MgH 2 -0.5Ni sample before and after heating to 330 and 500°C, respectively. The dehydrogenation products of the 2LiBH 4 -MgH 2 and 2LiBH 4 -MgH 2 -0.05Ni samples after heating to 500°C were also examined for comparison. Clearly, MgH 2 , LiBH 4 , and Ni phases are detected in the as-milled sample, and no new reaction products can be found, suggesting a physical mixture during ball milling. After heating to 330°C, the MgH 2 phase disappears and magnesium metal is formed. The LiBH 4 phases are still present and no other Mg or B containing phases were detected, indicating that the hydrogen release from the composite below 330°C is due to the decomposition of MgH 2 . Ni phases are also observed after heating to 330°C, and no additional peaks corresponding to the Mg 2 Ni phase were observed, indicating that the enhancement of the first-step dehydrogenation can be attributed to the catalytic effect of nano-Ni, which is highly active in decreasing the activation energy of MgH 2 for hydrogen desorption by surface activation, as reported previously. 29 On further heating to 500°C, LiBH 4 disappeared and LiH phase was observed, indicating that the system is fully dehydrogenated at 500°C, as the boron phase in dehydrogenated samples of LiBH 4 -relevant samples is usually amorphous, 22 agreeing well with the TPD results ( Fig. 1) . Meanwhile, in addition to some traces of Mg or Li-Mg alloy (with Li-Mg alloy and Mg peaks overlapping in the XRD patterns), many new peaks were appeared along with the disappearance of the Ni phase, which can be identified to a new phase of Mg-Ni-B alloy. The Mg-Ni-B phase is quite comparable with MgNi 2.5 B 2 in the database, but it is hard to confirm its nature because of the relatively low content of Ni and because magnesium nickel borides always have a hexagonal crystal structure with similar lattice constants, as previously reported. 33, 38 Some traces of the new Mg-Ni-B alloy were also observed in the case of 2LiBH 4 -MgH 2 -0.05Ni sample after dehydrogenated at 500°C. However, the main dehydrogenation products are Mg or Li-Mg, as well as some LiH and MgB 2 [ Fig. 3(b) ]. As is known, the boron phase in the dehydrogenated samples of LiBH 4 -relevant is usually amorphous and therefore can not be detected by means of XRD. 22 Similar products corresponding to Mg or Li-Mg, as well as some LiH and MgB 2 were also identified in 2LiBH 4 -MgH 2 sample after dehydrogenated at 500°C. The observed MgH 2 phase in the dehydrogenated state of 2LiBH 4 -MgH 2 or 2LiBH 4 -MgH 2 -0.05Ni sample is probably from the hydrogenation of Mg or Li-Mg during the temperature of 500°C cooling down to room temperature because about 1 bar hydrogen pressure was observed in the vessel after dehydrogenated at 500°C. The results indicate that the main dehydrogenation products at 500°C for the 2LiBH 4 -MgH 2 -0.5Ni sample are Mg-Ni-B ternary alloy, LiH and some Mg or Li-Mg, which are totally different from the cases of the 2LiBH 4 -MgH 2 or 2LiBH 4 -MgH 2 -0.05Ni samples, for which the main dehydrogenation products are Mg or Li-Mg, B, LiH, and some MgB 2 [ Fig. 3(b) ]. The different dehydrogenation products suggest different dehydrogenation pathways. In the case of 2LiBH 4 Mg-Ni-B ternary alloy. In contrast, the interaction of MgH 2 with LiBH 4 in the 2LiBH 4 -MgH 2 and 2LiBH 4 -MgH 2 -0.05Ni samples is low because B and Mg or Li-Mg were mainly generated upon dehydrogenation.
To judge the storage capacity and kinetics of Nimodified LiBH 4 -MgH 2 system at constant temperature. Isothermal dehydrogenation studies were further carried out for the 2LiBH 4 -MgH 2 -0.5Ni samples at 350 and 400°C, as shown in Fig. 4 . The 2LiBH 4 -MgH 2 sample is also examined under the same conditions for comparison. Obviously, both the samples show two stages in the dehydriding process at 350 and 400°C: fast dehydriding in the first short period, corresponding to the decomposition of MgH 2 , and slow dehydriding thereafter, which may be attributed to the dehydrogenation of LiBH 4 . The results agree well with the TPD and DSC results ( Figs. 1 and 2 ). At 350°C, the hydrogen released is mainly due to the decomposition of MgH 2 in both the 2LiBH 4 -MgH 2 -0.5Ni and the 2LiBH 4 -MgH 2 samples, with 3 wt% hydrogen released within 6.3 min in the former, but 15 min is required for the latter to release the same amount of hydrogen under the same conditions, indicating the significant enhancement of the first dehydrogenation. However, the second stage dehydrogenation in both the 2LiBH 4 -MgH 2 -0.5Ni and 2LiBH 4 -MgH 2 samples, corresponding to the decomposition of LiBH 4 , is very slow, which is not completed even after 10 h. At 400°C, the first dehydrogenation for the 2LiBH 4 -MgH 2 -0.5Ni sample is a little faster than for the 2LiBH 4 -MgH 2 , which may be due to the fact that 400°C is over the decomposition temperature of MgH 2 in both samples, resulting in their fast kinetics. However, the second dehydrogenation of 2LiBH 4 -MgH 2 -0.5Ni is much faster than that of the 2LiBH 4 -MgH 2 . For example, 6.1 wt% hydrogen can be released within 30 min in the former case, which is 1 wt% higher than in the latter case. Meanwhile, the saturated dehydrogenation process for the 2LiBH 4 -MgH 2 -0.5Ni sample can be limited to within 55 min, whereas 167 min is required for the 2LiBH 4 -MgH 2 . These results further confirmed the significant improvement because of the addition of Ni on the dehydrogenation of the LiBH 4 -MgH 2 system.
The rehydrogenation of the decomposed 2LiBH 4 -MgH 2 -0.5Ni was further investigated under ;55 bar of H 2 at 400°C for 10 h as compared with the pure 2LiBH 4 -MgH 2 system. Figure 5(a) shows the isothermal rehydrogenation kinetics of both samples as a function of time. A hydrogen capacity of ;4.37 wt% could be achieved after 10 h in the case of 2LiBH 4 -MgH 2 , whereas the 2LiBH 4 - MgH 2 -0.5Ni sample delivered a rehydrogenation capacity of 5.25 wt% under the same conditions. Note that the rechargeable theoretical H-capacity was actually 7.46 wt% in the 2LiBH 4 -MgH 2 -0.5Ni sample when excluding the weight of Ni, indicating a much higher reversible rate in 2LiBH 4 -MgH 2 -0.5Ni than that for the pure 2LiBH 4 -MgH 2 sample. These results indicate that the rehydrogenation of the LiBH 4 -MgH 2 system was also significantly improved through adding Ni nanoparticles. The TPD curves for the 2LiBH 4 -MgH 2 and 2LiBH 4 -MgH 2 -0.5Ni samples after rehydrogenation are shown in Fig. 5(b) . It can be seen that the released hydrogen capacity was 4.22 wt% in the 2LiBH 4 -MgH 2 sample. As expected, more hydrogen was released in the 2LiBH 4 -MgH 2 -0.5Ni sample (4.92 wt%). These results are in good agreement with the rehydrogenation kinetic measurements shown in Fig. 5(a) , except for a slight decrease on the capacity, which may be due to the fact that the dehydrogenation is not completed below 500°C.
To determine the rehydrogenation products, XRD and FTIR measurements were carried out. Figure 6 shows the XRD patterns for the 2LiBH 4 -MgH 2 -0.5Ni sample after rehydrogenated at 5.5 MPa and 400°C for 10 h. Clearly, the diffraction from MgH 2 can be seen, although the intensity is low. However, no apparent peaks corresponding to LiBH 4 can be identified because of the present high background at around 2h of 20°generated by the cover tape that is used to cover the sample to avoid the possible oxidation and moisture. Another concern is that the reformed LiBH 4 is possible to be amorphous or disorder state, because the typical feature of [BH 4 ] group in the rehydrogenated state is clearly detected by FTIR spectrum (Fig. 7) . However, the recombination of borohydride is obviously incomplete under these conditions because such phases as LiH and Mg-Ni-B phases still remained in the rehydrogenated sample. The formation of MgH 2 may be from the hydrogenation of Mg. However, no Mg 2 NiH 4 phase was observed in the XRD patterns, although there are several unidentified peaks at 41.4, 45.4, and 46°. Meanwhile, the typical feature of Mg 2 NiH 4 is also not detected by FTIR spectrum (Fig. 7) . In contrast, a new phase MgNi 2 was formed along with the weakened peaks of Mg-Ni-B ternary alloy. The MgNi 2 alloy has been reported to be extremely stable and cannot form hydrides under conventional hydrogenation conditions. 39, 40 It has also been reported by Li at el. 33 MgH 2 sample. In this regard, it is possible that the amount of Ni addition in the LiBH 4 -MgH 2 system will affect the recovery of MgH 2 or Mg 2 NiH 4 . We believe therefore that the optimization of Ni amount will be certainly helpful for the full reversibility of the LiBH 4 -MgH 2 -Ni composite. FTIR spectra were further conducted on the 2LiBH 4 -MgH 2 -0.5Ni sample to identify the rehydrogenated products, as shown in Fig. 7 . Clearly, the typical features of the [BH 4 ] group can be observed in the spectrum for the as-prepared sample, where the B-H bending vibration (;1125 cm À1 ) and B-H stretching vibration (2221, 2296, and 2380 cm À1 ) were detected. 37, 41 After dehydrogenation, the peaks corresponding to B-H bond have almost disappeared, in addition, a characterized vibration signal corresponding to boron can be detected in the infrared spectrum. 34 It indicates that the addition of 0.5Ni to the MgH 2 + 2LiBH 4 material is still not enough to fully transmit the B element to Mg-Ni-B ternary alloy. After rehydrogenation, still no characterized vibration signal corresponding to the Mg 2 NiH 4 can be detected. 33 However, The vibration signal corresponding to the B-H bond was clearly detected, which confirmed the formation of borohydride anions.
This study experimentally demonstrates that Ni metal nanoparticles are active toward the reversible dehydrogenation reactions of MgH 2 + 2LiBH 4 material. Unlike the previous study that the transition metals or transition metal halides are normally introduced just as catalyst. 42, 43 In this work, the nano-Ni is introduced not only as a catalyst in catalyzing the decomposition of MgH 2 but also as an additive, which is totally involved into the decomposition of LiBH 4 , resulting the formation of Mg-Ni-B ternary alloy. For example, the presence of nano-Ni in 2LiBH 4 -MgH 2 -0.5Ni sample will firstly catalyze the dehydrogenation of MgH 2 . Then the presence of Ni and Mg will destabilize the decomposition of LiBH 4 through generating Mg-Ni-B ternary alloy, which changes the de/rehydrogenation pathway of LiBH 4 , thus improving the kinetics and thermodynamics of the reactions. This finding offers a potential approach for overcoming the kinetic and thermodynamic limitation of LiBH 4 -MgH 2 system. For example, there are numerous metal nanoparticles such as Ti, Nb, Fe, Co, and etc., which have been reported to be active in catalyzing the dehydrogenation of MgH 2 28,30 It is also possible to form Mg-M-B ternary alloy (M5Ti, Nb, Fe, Co, and so on). Currently, our ongoing efforts focus on the optimization of the composition of LiBH 4 , MgH 2, and Ni and the rehydriding conditions to reach a full reversibility.
IV. CONCLUSION
In summary, nanosized Ni was used to prepare LiBH 4 -MgH 2 -Ni (2:1:0.5 and 2:1:0.05 mol ratio) composites for enhancing the hydrogen de/resorption performances of the LiBH 4 -MgH 2 (2:1 mol ratio) system. The first-step dehydrogenation (MgH 2 ) was significantly promoted in both the 2LiBH 4 -MgH 2 -0.05Ni and the 2LiBH 4 -MgH 2 -0.5Ni composites because of the catalytic effect of nano-Ni, but the second-step dehydrogenation (LiBH 4 ) is only enhanced in the latter. A higher reversible capacity was also observed in the case of LiBH 4 -MgH 2 -0.5Ni in which ;5.3 wt% hydrogen can be reversibly stored when the sample is held under 400°C and 55 bar hydrogen pressure for 10 h, which is higher than for the 2LiBH 4 -MgH 2 sample (4.4 wt%). The formation of borohydride anions was confirmed by FTIR in the rehydrogenated sample. XRD analysis indicates that the Mg-Ni-B ternary alloy formed upon dehydrogenation in the case of 2LiBH 4 -MgH 2 -0.5Ni composites, which is different compared with the 2LiBH 4 -MgH 2 and 2LiBH 4 -MgH 2 -0.05Ni samples, where Mg or Li-Mg alloy and B were mainly generated upon dehydrogenation. The formation of Mg-Ni-B ternary alloy may play a crucial role in enhancing the hydrogen de/absorption of 2LiBH 4 -MgH 2 system by changing the original dehydrogenation/rehydrogenation pathway.
